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Department of Natural Resources—is concerned mthﬁl - X
agement, conservation, and development of the Nation's water. ||
fish, wildlife, mineral, forest, and park and recreational re-
sources. It also has major responsibilities for Indian and
Territorial affairs. by L
As the Nation’s principal conservation agency, the Depart-
ment “'Ol'l\'S to assure ﬂlﬂt nom‘enew:ﬂ)'le !‘ESO“I‘Q'@;Q are ﬂ‘e\’éT
and used wisely, that park and rvecreational resources are con-
served for the future, and that renewable resonrces make their
full contribution to the progress, prosperity. and security of
the United States—now and in the future. :
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and in place of "Other catch and mesh size in which caught" read

skipjack taken by gear type" read "Number of units of gear fished"
""Catch and mesh size in which caught."

On page 10, in the heading of table 7, in place of '"Number of
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ABSTRACT

The Hawaiian skipjack fishery is showing signs of economic
trouble., This is especially evident in the size of the fleet, which
has decreased 40 percent since 1948, The problem is one of a static
level of fishing efficiency with the pole-and-line method, and in-
creasing operational costs. The solution requires increasing the
catch without a proportionate increase in cost.

On the basis of recent developments in monofilament fibers and
the success of monofilament gill nets in other fisheries, netting
techniques for catching skipjack tuna were investigated in 1961 and
1962, with the joint support of the State of Hawaii and the Bureau of
Commercial Fisheries. The study was carried out by Bureau per-
sonnel on a chartered skipjack boat from July 23 to September 29,
1961, and May 9 to August 25, 1962,

The results indicated that the monofilament gill net method of
fishing will not supplant nor effectively supplement the present
pole-and-line method of catching skipjack tuna.

The principal method of fishing used in the tests was to locate
a skipjack school, chum the school to the stern of the boat using
live baitfish, set the net while continuing the chumming, and haul
in the net with a powerblock. Although skipjack can be captured by
this method, the catch was found to be too small to be of commer-
cial significance, The largest catch from a single set was 127
skipjack.

The passive method of gill net fishing was tried on 14 occasions.
In this method the nets were set at sunset and allowed to drift
passively throughout the hours of dark, The gear and the catch were
then picked up the following morning. The catch of only one skip-
jack from the 14 sets indicated that the method is not applicable
for commercial skipjack fishing in Hawaiian waters.
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EXPERIMENTAL GILL NET FISHING FOR SKIPJACK strength of the U,S, west coast tuna industry

few years ago was met by increasing the fishing
At present, despite the generally vigorous efficiency of the purse seiners by using nets «
growth of Hawaii’s economy, the Hawaiian skip- synthetic fiber and powerblocks to haul the nets
jack fishery gives indications of slow deteriora- (McNeely, 1961).
tion. From a modest start in the early 1900’s
thisfishery increased in importance until in re- - MEREREERE RO REEBR R AR T
centyears the skipjack landings have represent- ‘
ed from 50 to 70 percent of the total fish land- 2 T
ings in the State of Hawaii (Yamashita, 1958), é ,i
Since 1948 the annual skipjack landings have S
varied between 6.1 and 14.0 million pounds g 3
(fig. 1). Total landings do not, however, show z |
the serious condition facing the fishery; trends '{[ ll l
in the size and age of the fishing fleet more accu- o | ] l ! I II l
1926 1930 195 " 1945 1950 s et

rately depict the existing situation. The history

YEAR OF CONSTRUCTHON

Figure 2.~--Year of struction for skipjack
18— boats active in 1961,
2B
z e 3 M
g 12 T'he pole-and-line fishery has several aspect
T which can be considered inefficlent, Studie
2 0 - X :
S the Bureau of Commercial Fisheries Blolog
a3 9
B s Laboratory in Honolulu show that approximately
5 7 50 percent of the fish school tive
z
g 6 and chummed do not respond to the chum (Roy
< 3 o = 5 -
kS and Otsu, 1955; Yuen, 1959). Obsery
-
< 4 4.1 .
= on commercial boats also show that the tct
z 3 - 4
n - per school is very small, suggesting that
1 small fraction of each school is being
o — - - R a— . - - Yuen (195¢ ounted the catch fron
1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961
successt fished by commercial figsher
Figure l.--Annual landings of Hawaiian skipjack Yha o #h £ )0 f the 73 schools " oy
fishery, 1948-61. The catch Gielied g3t '
was less than 25 fish per school and
of the fishery in the post-World War II period cent) of the schools gave catche
shows an initial flurry of activity, born of opti- than 25 fish per school and 53 (73 percent) t}
mism, which included the construction of nine schools gave catches numbering less th
new vessels between 1946 and 1950 (fig. 2). This fish per school (fig. 3a). An addition
was followed by a stable period in the early tributing to the low catches is the i
1950’s when only one new vessel was added to time each school is fished. Of t
the fleet. In recent years, with the withdrawal schools examined, 60 (83 percent)
of a number of the older boats from the active for a period of less than 25
fleet and the absence of new construction, the
fleet has been reduced from a total of 32 boats In essence, the solution to t
in 1948 (June, 1951) to the present total of 20 restoring the Hawaiian skij k fist !
boats. Even with the withdrawal of some of the family of growing industries is t

older boats the presentfleet may still be consid-
ered old; of the 20 boats fishing today, 7 were
built between 1926 and 1931.

While the factors responsible for this state of
decay in the fishery are complex, they are basi-
cally related to the wide fluctuations in the catch

from year to year and to a method of fishing
with pole-and-line and live bait, which has re-
mained virtually unchanged since the beginning
of the fishery. This unchanging level of fishing lll
L B € mum B a =

efficiency, against a background of constantly
rising operational costs, has had serious eifects
on the industry, particularly during poor seasons.
A similar situation which affected the competitive




FREQUENCY

o 0 20 30 40 50 60 70 80 %0
FISHING DURATION (MINUTES)

Figure 3b.--Frequency distribution of fishing
duration. (Data from Yuen, 1959).

level of fishing efficiency, either by (1) improv-
ing the existing pole-and-line method or (2) in-
troducing an entirely different mode of fishing.
The present study is primarily concerned with
the latter approach.

FUNDS

Aware of the recent success of net fishing
methods in the west coast tuna industry, the Bu-
reau of Commercial Fisheries and the State of
Hawaii decided to undertake a study to determine
the commercial feasibility of netting skipjack in
Hawaiian waters. The objective of the study was
to be the development of a method of netting skip-
jack which could be adopted by the existing fleet.
In April 1961 the Fish and Wildlife Service made
available $25,000 in Saltonstall-Kennedy funds to
the Bureau of Commercial Fisheries Biological
Laboratory in Honolulu for the purchase of equip-
ment and gear. The State of Hawaii Legistature,
in its 1961 session, passed Senate Bill 387, ap-
propriating $45,000 for the program. This bill
was signed by the Governor on June 22, 1961.
The State of Hawaii Fish and Game Division,
under the alternatives granted by the Act, elect-
ed to contract the services of the Bureau’s Bio-
logical Laboratory to carry out this program.
Additional funds to carry the program to comple-
tionin 1962 were provided by the State of Hawaii
and the Bureau of Commercial Fisheries.

In early June 1961 parties and agencies inter-
ested in local skipjack problems met and formed
a Gill Net Committee to serve in an advisory
capacity as well as to review and evaluate the
progress of the project.

PLANS

Prior to the field trials carried out from a
chartered skipjack boat, a program was outlined
which included: (1) an evaluation of the operation-

al aspects of fishing monofilament gill nets, to
be carried out on the Bureau’s research vessel
Charles H. Gilbert; and (2) a consideration of
possible methods of fishing the gear. The methods
contemplated fell either into an active fishing
category, in which a skipjack school would be
pursued and the net set in the midst of the school
or into a passive fishery category, where the net
would be set at a predetermined location and
allowed to drift over a period of time, usually
during the hours of darkness.

MONOFILAMENT NETS

Before detailing the types and specifications
of the monofilament gill nets purchased and used
in the experiments, some information on the na-
ture of monofilament is necessary to point out
its advantages over other netting materials.

Inrecent years the use of monofilament fiber
for gill nets has increased considerably through-
out the world. Monofilament is one of several
synthetic fibers commonly known under the gen-
eral term ‘‘nylon.”” These fibers belong to the
polyamide group, which along with other synthe-
tic fibers have revolutionized the textile and fish-
ing industries. Amongthe advantages nylon pos-
sesses over natural fibers are: (1) it is virtually
unaffected by age, (2) it loses strength only on
prolonged exposure to sunlight, (3) it is resis-
tant to many chemicals, and (4) it is immune to
bacteria action, which permits leaving the gear
in water for prolonged periods of time. The im-
portant attribute of monofilament nylon fiber is
itsvery high transparency in water, which gives
it a higher fishing efficiency than natural or
other synthetic fibers. Molin (1959) discussed
the results of comparative fishing tests using gill
nets made of cotton, multifilament nylon, and
monofilament nylon fibers. He reported that
monofilament gill nets caught more than seven
times as many fish as cotton nets and approxi-
mately four times as many fish as multifilament
nylon nets. The fishing efficiency of monofila-
ment is so high that the states of Washington,
Oregon, and Alaska have banned these nets for
salmon fishing.

The monofilament gill nets used in the present
study were of clear fiber of three mesh sizes.
On the basis of simple tests consisting of pass-
ing skipjack of various sizes through meshes of
different sizes, a net with a mesh size of 5-1/2’’
(stretched measure) was selected for skipjack
ranging from about 4 to 10 pounds. The fiber was
of the size designated by the manufacturer as
22 MF (approximately 22-pound test line). Since
the bulk of the season’s catch is made up of fish



larger than 10 pounds, monofilament nets of mesh
sizesof 7-3/4’’ and 9°’ (stretched measure) were
chosen for the attempts to capture these larger
skipjack. The fiber sizes were 35 MF (approxi-
mately 35-pound test line) and 45 MF (approxi-

mately 45-pound testline) for the two mesh sizes.

For the 1961 field work each unit of gear
measured 100 fathoms (hung measure) along the
corkline and 102 fathoms (hung measure) along
the leadline. The webbing was hung in 50 percent
along the corkline, i.e., 200 fathoms of webbing
was hung on 100 fathoms of corkline. All of the
nets measured 10 fathoms in depth.

Because of difficulty in handling the 10 fathoms
of webbing, the gear was modified for the 1962
field work. The nets were reduced in length from
100 to 50 fathoms and in depth from 10 to 5
fathoms. The reduction in depth was made on the
basis of the depth distribution of the skipjack
catch in the 1961 trials, when most of the skip~-
jack were taken in the upper one-fourth of the
10-fathom nets.

VESSEL

Since the results of field trials had to bhe
applicable to the existing skipjack fleet, it was
desirable to carry out the field work from a com-
mercial skipjack boat. In this way the efficiency
of the gear, the operational costs, and the earn-
ings from the catch would be directly comparable
with those of the commercial boats. Through bid
procedures the Government accepted the serv-
ices of the M/V Broadbill. The Broadbill was
utilized throughout the 1961 and 1962 field trials.
Details of the boat and the results of a stability
test are given in appendices 1 and 2.

RESULTS OF PRELIMINARY TRIALS

In May 1961, while financial matters and the
program itself were still being discussed, we
were fortunate in obtaining several days of vessel
time on cruise 52 of the Charles H. Gilbert. In
view of the short notice given for gill net trials
on the Gilbert, we felt that this opportunity could
best be used to examine the operational aspects
of gill netfishing and to carry out a simple com-
parative fishing test using only a single unit of
monofilament gill net. The net was 100 fathoms
long, 4 fathoms deep, and the mesh was 5-1/2"
(stretched measure). For comparison a 50-fath-
om length of multifilament nylon, dyed green,
was attached to each end of the monofilament net.
The mesh size of the multifilament net was also
5-1/2" (stretched measure).

The method of fishing developed in the pre-
liminary trials, which appeared to be applicable
on a skipjack boat, was to (1) locate a skipjack
school by the usual method of looking for a
‘‘working’’ bird flock, (2) pursue and chum the
school to the sterncf the boat with live bait, and
(3) pay-out the gill net from a wooden bin situated
at the stern of the boat. During the setting opera-
tions chumming was continued, and upon comple-
tion of the set the vessel was maneuvered into a
position with the bow at the net and chumming
was then continued from the bow.

The results from three sets showed that skip-
jack could be taken by this method of active gill
net fishing. The distribution of the catches also
revealed the superiority of the monofilament
netting over the multifilament nylon netting.
Catches for the three sets were 34, 63, and 225
skipjack, and only 5 of these were taken on the
two multifilament nylon sections.

Direct observations of the net and the reac-
tion of the skipjack to it were made from the
underwater viewing chambers of the Gilbert.
The ‘‘hang’’ of the monofilament section in the
water appeared ideal, with the meshes open and
the leadline straight. The multifilament section,
on the other hand, tended to bunch in, causing the
meshesto close. In terms of visibility to human
observers, the difference between the two types
of nets was striking, the monofilament net being
far more transparent and difficult to see than the
multifilament nylon. Observations on the reaction
of the skipjack to the net were somewhat puzzling,
At the multifilament sections the skipjack were
apparently able to see the net at a considerable
distance and avoided coming close to it, At the
monofilament section the skipjack seemed to
show a similar avoidance reaction at times,
This, however, was not always the case, as
attested by the catch and also by some direct
observations of fish being gilled. On a number of
occasions skipjack were seen hitting the net at a
relatively slow speed (unlike a feeding dash),
suggesting that they did not see the webbing.

In order to evaluate the ability of skipjack to
see monofilamentline, five skipjack were caught
by the pole-and-line method and transported
alive to ponds at Kewalo Basin, Honolulu, These
ponds were specifically constructed for tuna be-
havior studies (Nakamura, 1960). Although the
test was limited in scope, it did show that skip-
jack are capable of seeing and avolding mono-
filament lines (22-pound test line was used).



RESULTS OF FIELD TRIALS

Gill net fishing experiments were carried out
on board the M/V Broadbill in 1961 and 1962.
Although the skipjack fishing season in Hawailan
waters extends from May through September, we
were unable to start the 1961 field work until
July 23. Operations were suspended on September
29, when skipjack became scarce, indicating the
close of the fishing season., Field work was re-
sumed in 1962 on the basis that all of the possible
methods of gill net fishing had not been explored
and that the active method of gill net fishing
showed some promise of supplementing the pole-
and-line catches of commercial vessels. The
field trials for 1962 extended from May 9 to
August 25.

OPERATIONAL DATA

Except for a change in baiting procedure in
July-August 1962, when baitfish were purchased
from a State-operated plant, the time schedule
and sequence of operations followed during the
fleld work were similar to those of the commer-
clal skipjack boats. These involved locating and
catching a supply of bait fish, taking on ice and
other supplies, and then scouting and fishing the
general areas where good commercial catches
were being made. Table 1 gives a summary of
the distribution of effort for 1961 and 1962,
while figures 4a and 4b show the general area of
scouting and fishing. A complete station list for
the two years is given in appendices 3 and 4.

AREA OF SCOUTING AND FISHING
GILL NET STATION

|

57

MAUI

21"

Figure 4a.--Area of scouting and fishing by M/V Broadbill,

July 23, 1961 to September 29, 1961.
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Table 1.--Distribution of effort, 1961 and 1962

1961 1962
(7/23-9/29) (5/9-8/25)
=T

Days spent baiting 18 14
Days spent scouting and fishing 27-1/2 49
Days running without bait 1-1/2 5
Days spent repairing vessel and gear 10 29
Days of rest 12 13
TOTAL DAYS 69 110

Basically, gill netfishing involves setting the
nets, hauling in the nets, picking the catch, and
restacking the nets.

The setting procedure for the 1961 field
trials was the same as that developed on the pre-
liminary trials on the Charles H. Gilbert., The
nets were set from a 10’ x 12’ x 3’ wooden bin
attached to the stern of the Broadbill (fig. 5).
At the end of the 1961 field work the results
showed that the gill nets would not supplant the
pole-and-line method; however, there was an in-
dication that the nets could be used to supplement
the pole-and-line catch. Since the immobility of
the large wooden bin reduced the efficiency of
the pole-and-line fishing operation, the setting

POWERBLOCK ON 0AviT (@

\ POWERBLOCK ON H-FRAME
|
A I; b [ g

oo\ B

arrangement was modified for the 1962 {leld
trials. A turntable (figs. 6a and 6b) made up of
four compartments, each capable of holding | or
2 shackles of nets, was constructed to increase
the mobility of the setting arrangement, In addi-
tion, the turntable was mounted on tracks which
permitted moving the entire structure toward
the stern during setting of the gill nets and for-
ward when pole-and-line fishing was being car-
ried out. After several weeks of trial the turn-
table was abandoned. Instead of increasing the
efficiency of gill net fishing, the turntable proved
to be cumbersome and difficult to handle, When
not in use the turntable had to be secured to the
vessel by means of chain and turnbuckles. In
moderate seas the moving of the apparatus was
time-consuming and hazardous. Subsequently,
the setting procedure was simplified by wrapping
eachunitof the netina piece of canvas and keep~-
ing one unit on the port side and a second net on
the starboard side of the Broadbill (fig. 7). The
other nets were placed on the roof of the main
engine house,

WOODEN BIN

Figure 5.--Schematic diagram of M/V Broadbill.

Figure 6a.--Installing framework of the turntable.

Figure 6b.--Pole-and-line fishing with turntable moved forward



At the start of the field trials in 1961, the
powerblock for hauling the net was situated on an
H-frame which was located about amidships
(fig. 5). The net, along withthe catch, was pulled
over the powerblock and onto the deck. After
hauling had been completed, the fish were re-
moved from the net and the net was restacked in
the bin. Although the hauling operation went very
well in slight seas and winds, it became very
difficult under strong trade wind conditions. This
difficulty was traced to our inability to maneuver
the vessel in proper relation to the lay of the net.
To increase maneuverability, the powerblock was
relocated to a davit on the port side just forward
of the wheelhouse (fig. 5). This modification im-
proved the hauling operation considerably. The
hauling time (table 2) ranged from 7 to 45 minutes
and averaged 14 minutes for 21 sets in which
times were recorded. The catches on these sets
ranged from 0 to 103 skipjack. For the 1962
field trials, the powerblock was relocated to the
starboard side (fig. 8) and closer to the midline
of the boat. This move improved hauling by plac-
ing the powerblock inboard of the rail.

Figure 7.--Simplified setting arrangement for gill net fishing.

Figure 8.--Hauling in the gill net, 1962.

Table 2.--Time required for hauling nets, picking fish,
and restacking nets (1961)

Mesh size
Sration CHTE Time taken Time taken for
5-1/2" 7-3/4" for hauling picking and restacking
Minutes Minutes
22 x 11 14
26 x 13 19
33 x 45 30
37 x 18 18
39 x 13 46
41 x 17 15
43 x 9 15
45 x 12 36
51 x 11 58
62 x 10 10
63 x 11 27
66 x 11 12
73 x 9 24
79 x 11 14
89 x 15 64
98 x 12 12
113 x 7 19
114 x 14 39
116 x 11 33
125 x 11 21
126 x 13 58
Average time 135 27.8

The most difficult aspect of gill net operation
is the removal of fish from the net and the re-
stacking of the net. In 1961 the net and the catch
were hauled over the powerblock (fig. 9) and then
dragged to the stern of the boat, where picking
and restacking were carried out. The time taken
for this phase of fishing was much too long for
purposes of commercial application (fig. 10). To
reduce thistime, attempts were made to remove

Figure 9.--Hauling in net with skipjack catch over the powerblock.
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Figure 10.--Relation of total catch with time
taken for picking and restacking.



the fish before the net passed over the power-
block (fig. 11). The time available at this stage
of hauling for picking out the fish was insufficient,
and only the few fish which were not thoroughly
enmeshed could be removed. For the most part
the large skipjack were too badly tangled in the
webbing to be removed during hauling (fig.12).

Figure 12.--Extracting badly entangled skipjack from gill net.

BAITING

Although field tests without the use of live
bait were part of the overall plans, the results
from the preliminary trials indicated that the
best approach initially was to incorporate the
use of live bait.

For the 1961 and the early part of the 1962
field trials bait was obtained by the methods used
by the commercial pole-and-line fishermen.
This involves scouting for schools of bait fish,
usually the nehu (Stolephorus purpureus), in the
bay areas. After a school is located a small-
mesh baitnetis set around it from a skiff power-

ed with an outboard motor. The netusually meas~-
ures 80 to 100 fathoms long and is about 4 fathoms
deep. After the set has been made, the ends of
the net are taken in until only a small ‘‘pocket’’
remains, If the skipjack boat is near, the bait is
transported in the ‘‘pocket’’ to the boat where it
is brailed into the bait holds (fig. 13). If the dis-
tance between the locality of capture and the boat
is great, the bait is first brailed from the
‘‘pocket’’ into the holding well of the skiff, trans-
ported to the boat, and again brailed, this time
into the bait holds. June (1951) gives a detailed
description of the entire operation.

Figure 13.--Brailing bait fish onto the Broadbill.

Bait fish for the last 2 months of operations
(July-August 1962) were purchased from the
tilapia-rearing plant established by the State of
Hawaii. The success of tilapia as a bait fish for
skipjack and the feasibility of rearing tilapia
under controlled conditions have been discussed
by King and Wilson (1957) and Hida, Harada, and
King (1962).

GILL NET FISHING

In1961 and 1962 various methods of using the
monofilament gill nets were tried. Except for a
limited effort at night fishing, when the gear was
fished passively as a drift net, all of the methods
were variations of the active-fishing type. In
early 1961 the basic method for actively fishing
gill nets was developed; it involved locating a
skipjack school by means of a ‘‘working’ bird
flock (fig. 14) and, following the standard pole-
and-line method, chumming the school to the
stern of the boat with live bait. Upon a determina-
tion of the size of fish, either by estimating the
size from surfacing skipjack or by the capture of
afew by pole-and-line, the proper mesh-size net
was set. Chumming was carried out at a heavy
rate during the setting operation. After the net



Figure 14,--Skipjack school being attracted to

stern of Broadbill. (Note men preparing gill

nets for setting.)

had been set, fishing was either continued by
pole-and-line or completely stopped. Hauling in
of the gill net was carried out with the use of a
gill net powerblock,

For the active method of fishing four different
techniques were tried. These were: (1) setting
surface netsin a straightline, (2) setting surface
nets with a gate located in the center part of the
net, (3) setting subsurface nets in a straight line,

Figure 15.--Skipjack caught in the gill nets
during the setting operation,

and (4) seml-encircling a school with several
units of net joined together.

Primarily because of the lack of large skip-
jack in Hawaiian waters during the 1961 field
work, effortduring that year was directed toward
fishing small skipjack. To test the fishing effi-
ciency of this method with larger skipjack, the
1962 fileld trials were devoted to the larger fish,
The skipjack catches from the straight sets us-

Table ).--Results of flshing surface nets in & stralght line

Year Station Date by gill nets
1 | 1 Heah net
5-1/2" [7-3/4"]
1/ |
1961~ 5 1 1
|
18 7/31 1
19 7/31 29
22 8/1 42
26 8/4 28
29 8/5 7
33 8/10 23
| 37 8/11 (]
‘ 39 B/11 45
4 8/14 1
42 8/14 0
43 B/14 0
45 8/14 26
61 8/30 0
62 8/30 3
63 8/30 50
66 8/31 7
74 9/2 16
88 9/7 127
89 9/7 106
19622/ 8 5/2 0
15 5/16 0
17 5/17 0
19 5/17 0
28 5/25 0
34 5/21 10
ab 5/30 3 2
55 6/14 11
57 6/14 4
59 6/14 37
63 6/14 13
68 6/15 6
n 6/19
78 6/19 0
79 6/19 4
83 6/20 15
85 6/20
91 6/23
102 6/25
104 113 I8 ¢
106 7/13 0
107 7/13 0
112 7/14 2

ceoo

oo~

Number of fish caught by pole-and- |

Number of
fish caught | Fish
slze
line Tange Comments
Pounds rr. - e
!
4 | -5 Poor set--net payed-out
| in bunch,
- 3
21 2-4
53 3-4
39 2-4
86 3-8 Part of webbing (with un-
determined number of
gilled fish) cut off-
net caught In propeller.
25 4-5 School sounded shortly
after setting completed.
5 12-20 School sounded at start
of setting operation.
22 b6
5 26-37
3 26-37
5 29-36
- 2-6
6 4 School sounded.
No fishing
23 3-4
7 3-6
32 2-4
2 2-5
Lhn 3-6
27 5-9
113 14-33
73 11-28
49 17-30
9 15-20
88 5-8
21 5-14
25 4-12
52 4-9
116 5-11
110 4-10
136 22-33 9" net fouled during set.
42 22-32
154 19-34
62 20-34
78 6-8
104 19-30
83 20-33
32 19-32
30 19-34 9" pet sank--lost.
22 22-34
51 20-32
87 19-34

1/

All nets used in 1961 were 100 fathoms in length and 10 fathoms in depth.,

2/ All nets used {n 1962 were 50 fathoms in length and 5 fathoms in depth.




ing surface nets are given in table 3. Figure 15
shows a shipjack gilled during the setting of a
surface net., Although trials with the 9’'-mesh
net were not as extensive as those with the
5-1/2’" and 7-3/4”° nets, there appeared to be a
progressive loss in the fishing efficiency with an
increase in mesh size (table 3), On the basis of
surface observations it appeared that the large
skipjack were more deliberate in their feeding
and could not be induced into as intense a feeding
frenzy as could be achieved with small skipjack.
This loss in efficiency is evident in the number
of sets in which no skipjack were taken: 2 sets
out of a total of 23 sets for the 5-1/2’’ mesh net,
10 of 17 sets for the 7-3/4’’ mesh net, and 6 of 9
sets for the 9’’ mesh net. The 9’ mesh net was
lost on station 104 when it sank out of sight.
Since skipjack were not taken on the preceding
sets, it is unlikely that the sinking was caused
by a large catch of skipjack, but the loss of the
net remains unexplained.

Although skipjack can be taken by the surface
nets, the catches were considered too small to be
of commercial significance. This is especially
true in view of the heavy chumming necessary
during the setting operation. It was the belief of
the fishermen aboard the boat that, for the
amount of bait-fish chummed, the pole-and-line
method would have produced several-fold more
skipjack than was taken with the gill nets,

Since the gilling and entangling of skipjack in
the gill nets appeared to occur only during the
setting operation, an attempt was made in 1961
toincrease the catch after setting by constructing
a ‘‘gate’”” through which the vessel could pass
over the middle of the set. It was hoped that by
chumming heavily during the passage the school
might be brought to a feeding frenzy near the net.
The results of this experiment are given in table
4. Thereis no noticeable difference between the
skipjack catches from this method and those from
the straight sets for 1961 (table 3). From visual
observations during the passage across the net it

appeared that the skipjack avoided the net by
either veering off or sounding.

The principal shortcomings of the gate method
were (1) the apparent ability of the skipjack to
see the surface nets and (2) difficulty in crossing
over the netin moderate to rough seas. To over-
come these problems trials were conducted in
1962 using subsurface nets. The floats on these
nets were small enough to allow the net to sink.
The fishing depth was then controlled by attach-
inglarge rubber floats with float lines spaced at
intervals throughout the net., The float lines were
made 12 feet long, so that there would be no
danger of the nets entangling in the ship’s propel-
ler. The greater fishing depth was expected to
make the nets less visible to the skipjack. The
results of fishing by this method are given in
table 5. The method was ineffective and was aban~
doned on the basis of observations of the reactions
of the skipjack. Where the skipjack had either
sounded or veered away from the net when the
gate method was used, in the case of the subsur-
face net method the fish simply followed the
vessel over the submerged net. The failure to
catchevenone fish on the 9’’ mesh net indicated
that the large skipjack were still able to see the
net at the depth fished and avoid it. The single
skipjack taken on the 7-3/4’’ mesh net could
have been caught during the setting operation,

The last of the active methods of gill net
fishing tried was that of attempting to encircle a
school while keeping the fish at one side of the
boat during the setting operation. Four trials
were made using 3 or 4 units of gear, but in
none of them were we successful in completing
the encirclement (table 6). The skipjack catches
were all made while the gear was being set,
Aside from the ability of the skipjack to avoid
the net, the difficulty of hauling the net in rough
water precluded any further experiments. The
encircling method necessitated hauling in gear
with the vessel lying in the trough part of the
time. In rough seas the rolling of the vessel

Table 4.--Results of fishing with a gate net
B Wi s = - r =
Number of £ish If?:sz: :;J Phsanas
aught b RN gh
Date caug| y by pole- | | through gate

Mesh net

51 8/17 1

73 9/2 -- 1 -- 4
76 9/3 -- - |- 1
79 9/3 -- - - 20
96 9/11 - 1 == 7%
98 9/11 -- 7 |- 21
113 917 | == -- = 10
114 9/17 51 - == 2
116 9/18 27 -- - 76
125 9/23 15 - - 7
126 9/23 59 - — 138
127 9/23 27 -- &= 59

Station | 1961 glliinaty [ anac4ne

14-16

27-37
22-32

9-16

o
[ i
~o v

Comments
yes no Bo—_

|
x ‘ Seas too rough for crossing
| over net.

|
| = Unable to stop school; net
I ’ set in front of school.

x ‘ Gate section tangled,
|

| x | School sounded during setting
operation.

x School sounded during setting
‘ operation,

|
|
|
| | i Schoal sounded after setting |
! :
|

l |  operattion.
=




made the operation not only difficult but hazard-
ous.

The gill nets were fished passively at night
~in July and August 1962, The usual procedure was
to set the nets at sunset, allow the gear to drift
throughout the night, then haul in the nets at day-
break. To a large extent we selected for these
night sets areas where we had observed skipjack
schools during the day. A total of 14 night sets
was made with the results given in table 7.
Although the catch was varied and of academlic
interest, the capture of only one skipjack indi-
cated that the method does not show much pro-
mise as a means of catching skipjack in commer-
cial quantities.

Table 5.--Results of fishing with subsurface nets
(floatlines 12 feet)

Number Number
of fish of fish
caught caught Flsh
Date| by gill |by pole~| slize
Station | 1962 nets and =1ine range Comments
| Mesh net Pounds
2-3/4" 1 9"
107 7/13 1 51 20-32 Crossed over net once.
114 1/16 ] 57 18-33 Crossed over net once.
116 1/16 0 95 20-30 Crossed over nat once.
120 17/17 o 15 26-3) Crossed over net once.
121 7/17 0 46 22-36 Crossed over net once.
126 7/19 0 12 20-29 School sounded after net set |
128 7/21 o 38 20-33 Crossed over net once.
132 1 o 111 19-29 Crossed over net once.
Table 6,--Results of semi-ancircling skipjack school
with surface nets
[— 0 Number Fish
Date of Numsber of (ish size
| stacton | 1962 Shackles caught by range
g1l nets pole-and-line] Pounds
146 8/3 4 1 No fishing 16
153 8/4 & o 30 6-12
154 8/4 3 o 8 13-19%
199 8/23 “ 16 35 7-10

Table 7.--Results of passive fishing

L ploatltnes
2/ Floatlines
1/ Floatlines
4/ Floatlines

18 feet in length.
30 feet in length.
60 feet in length.
180 feet in length.

CANNERY ACCEPTABILITY OF GILL NET SKIFJACK

In order to evaluate the acceptability of gill
net-caught skipjack for canning, three groups of
fish were processed through the cannery, Each
test included equal numbers of skipjack caught
from the same school by the pole-and-line and
gillnet methods. Each fish was identified with a
numbered metal tag and followed through the
processing atthe local cannery. In tests 1 and 3,
definitely more blood spots occurred in the skip-
jack taken by the gill net method than those taken

Number of skipjack taken by gear type il
Date Monof i lament T  Monofilament | MultifiTament
Station | 1962 (surface) (subsurface) (surface) Other catch and mesh size in vhlch_uu;ht
Mesh net | Mesh net “Mesh net - ]
5-1/2" [ 7-3/4"] 9" s-uzll 7-3/4"] 9" | 4" F "
134 7/24 2 2 1 | | | 5-1/2" - porpolse
‘ | | 7-3/4" - porpoise, pilotfish (Naycrates ductor)
| \ g - porpoise
135 7/25 2 2 1 | | | 5-1/2" - bramid
136 7/26 2 - 0 | | 7-3/4" - skipjack, bramtd
137 7/28 2 2 o v \ | [ [ 5-1/2" - bonito (Sards orieatalfs)
175 8/13 2 1 | 1 % 1 7-3/4" - porpoise
180 8/14 2 1 W { 1 1 | Mo catch
181 8/16 | 2 ! 1 12/ 1w | 1 1 5-1/2" - monofilament subsurface - frigate
‘ 1 | mackerel (Auxis thazerd) |
w (e7| 2 | 1 [ 12/ 1/ [ 2 1 | 5-1/2" - sonofilament surface - 3 dolphin
I | (Coryphsena hippurus) ‘,
| | 2 | 7-3/4" - monofilament subsurface - porpoise
185 ‘ 8/18 2 1 ¥ 1 1 7-3/4" - monofilament surface - Japanese
. f mackerel (Scomber japonicus)
194 |8/21 | 2 2 23/ 2 | 1 | No catch
197 8/22 2 2 28/ 2 Y | ¥o caten
201 8/23 3 ka2 24 24 (1Y 7-3/4" and 9" - monofilament subsurface - brastd |
204 | 8/24 2 | 2 | | 21/ Zl/, 111’. 5-1/2" - monof{lament surface - shark |
207 | 8/25 2 &5 B 2/ | 2 |V | No catch
== = I B - = Al E- L e e - —_

by the pole-and-line method (table 8), The re-
sults of test number 2, however, did not show
such a difference.

The conflicting results obtained from the
three tests point out the desirability of additional
acceptability experiments. Atthis point it seems
unlikely, based on the results of the second test,
that the method of capture is solely responsible
for the amount of blood spotting. In a number of
the gill net-caught fish bruises were noted in the
cooked flesh, possibly from injuries sustained
while going over the powerblock.

Table 8.--Cannery acceptability tests of gill net-caught skipjack
[Number of skipjack]

Test No. 1 Test No. 2 Test No. 3
Degree of blood spots | Pole-and-line |[Gill net | Pole-and-line |Gill net | Pole-and-line | Gill net
None 1 - 1 1 3 1
Slight 24 16 20 18 4 3
More than usual = 9 12 i 1 3
(Compared to
commercial pole-
and-line catch)
Re jected - - - - 2 3
TOTAL 25 25 33 32 10 10
10




8 cooperative experiment In capturing
ck tuna with monofllament gill nets was
jertaken by the Bureau of Commercial Flsh-
ries and the State of Hawail in the hope of alding
~an economically depressed fishing Industry by
‘developing a new method of harvesting skipjack
tuna In Hawallan waters,

The major part of the study was devoted to
active methods of fishing the monofilament gill
nets, Baslcally, these methods Involved attract-
ing a school of skipjack to the stern of the boat
by chumming with bait-fish, setting the net while
continuing the chumming, and finally hauling In
~ the net with a glll net powerblock. Fleld trials
showed that while skipjack can be taken by this
method, the catches were too small for commer-
cial fishing. The consensus of the experienced
fishermen on board the boat was that a far great-
er quantity of skipjack could have been caught by
the pole~and-line method with the amount of bait-
fish expended in the gill net trials. The largest
catch on a single glll net set was 127 skipjack.

The passive method of fishing gill nets was
tried on 14 occasions. This method, which is the
conventional way of using gill nets in other {ish-
eries, involves setting the nets at sunset, allow-
ing the nets to drift passively with the currents,
and finally hauling in the gear and catch the
following morning. The capture of only one skip-
jack by this method of f{ishing Indicated that the
passive method Is not commerclally feasible In
Hawali,

The results of the 1961 and 1962 fleld tests
show clearly that, at the present state of the art,
monofilament gill nets cannot be counted on to
cateh skipjack in Hawallan waters in commercial
quantities by any of the {ishing methods that we
have been able todevise, It has been demonstra=
ted that the monofilament nets will effectively
entrap skipjack which swim into them, However,
the high efficiency shown by these nets in other
fisheries, an efficiency presumably due to thelir
transparency, is evidently not high enough to
overcome the clarity of Hawalian waters and the
ability of skipjack to detect and avold obstacles,
The essential problem, which we have been
unable to solve, Is one of regularly bringing
about contact between large numbers of skipjack
and our nets, For suocess{ul {ishing by passive
methods this requires a knowledge of the detalled
distribution and the dally behavior patterns of
skipjack that we do not presently have, For active
fishing methods of the type tried, the need i
evidently for a way of bringing a skipjack school
to a pitch of feeding frenzy more Intense than can

i1

be inducod by the most prodigal use of live balt,
Until we are better able to predict asd costrel
the behavior of skipjack, gill net fishing, eves
with monolilament nets, offers no promise of &
solution to the problem of ralsing the productive
efficiency of the Hawallian skipjack fishery,
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APPENDIX 1

DESCRIPTION OF THE M/V BROADBILL

The M/V Broadbill is typical of the sampan-
type boats used exclusively in the Hawaiian skip-
jack fishery. She has a sharp and high bow, and
the pilothouse is located just forward of amid-
ships. The entire after section is open and low
to allow for efficient pole fishing from the stern.
Detailed specifications of the Broadbill are as

follows:
Type of hull Wood
Date of construction 1926
Gross tonnage 36 tons
Registered length 66.8 feet
Registered beam 12.8 feet
Registered depth 6.0 feet
Main engine General Motors Corporation (Model 62200)
H.P. of main engine 275 horsepower
Auxiliary generator General Motors Corporation (Model 13609)
Output of auxiliary 20 KW

The deck arrangement of the Broadbill in-
cludes six bait wells capable of holding about 30
buckets of the local anchovy (nehu). We were
forced touse the two after bait wells for holding
ice because the large wooden gill net bin which
covered the entire stern section extended forward
and over the large single hold normally used for
this purpose. Our normal bait holding capacity,
therefore, was reduced to 20 buckets.

A mechanical water circulation system is
lacking, and the aeration of the bait wells is ac-
complished by a direct exchange with the sur-
rounding water through a number of screened
holes along the bottom of the wells.

There are no mechanical means of refriger-
ating the catch. The catch is either stored di-
rectly in the ice holds or placed in cooled sea
water in the bait wells, the latter being accom-
plished by the addition of crushed ice.

13
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APPENDIX 2

AREPORTON A SIMPLIFIED STABILITY TEST TO DETERMINE
WHETHER THE AKU SAMPAN TYPE HULL ISSATISFACTORY
FOR USE WITH THE MARCO POWER-BLOC AND MONOFILAMENT SEINE

TEST PERFORMED: July 22, 1961

PURPQOSE:

The Bureau of Commercial Fisheries is in
the process of conducting experiments in the
Hawaiian Islands to ascertain the feasibility of
rigging the local aku sampan for tuna fishing
using the Monofilament seine hauled by use of
the ‘‘Power-bloc.” These vessels are of a nar-
row, wall-sided type having little initial stability
and depending on a long range of positive right-
ing moment supplied by generous freeboard for
safety at sea; a large sponson also providing
additional reserve righting moment if a heavy
roll is taken. Since there is little or no knowledge
of how these vessels will react to applied cap-
sizing moments such as those encountered in the
use of the power-bloc, it was deemed essential
that some simple check be made to determine
whether the aku sampan obviously appears to
have sufficient stability, or whether a detailed
inclining experiment is called for for such use.

VESSEL USED:

The Bureau of Commercial Fisheries has
chartered and converted the aku sampan ‘‘Broad-
bill.”’ The ‘‘Broadbill’’ appears to be ideal for
this type of experiment since she is one of the
older narrower models possessingless stability
than the newer vessels which should possess
greater stability, thus possessing a greater mar-
gin of safety.

The ‘‘Broadbill’”’ was built in 1926 of wood
with very heavy scantlings, in fact, there is suf-
ficient reserve buoyancy inthe framing of these
vessels tofloat all their machinery. Her princi-
ple dimensions are: length 66.8 feet; breadth
12.8feet and depth 6.0 feet, Power is supplied by
a single G, M, six-110 diesel engine.

A net bin weighing in excess of 1,000 pounds
was built on the stern and a tubular steel frame
was erected on the after end of the engine trunk
from the port side of which a Marco power-bloc
Model 13A was suspended. The accompaning
sketch shows the general arrangement of this
frame with the power-bloc. In the interest of
safety, the height of the block was set at the min-
imum considered practical to pull the net. The
aku sampan has no cargo mast or boom.

15

METHOD OF TESTING:

It was decided that for a quick reliable check
it would be best to test the boat at sea in as near
identical conditions as possible. The stall line
pull of the power bloc was found by dynamometer
tobe 450 pounds. This can of course be increased
by the pulling of the crew hence, an inclining
weight of approximately 1,000 pounds was decided
upon. For the moving weight seven members of
the crew with an average weight of 150 pounds
were used. Puns were to be made each way in
the trough with wind and sea abeam with the
weight on the sponson as far outhoard as possible,
approximately 6 feet both port and starboard with
bait wells empty and full observations of angle of
inclination being taken and a visual check of min~
imum freeboard on the low side to estimate re-
serve stability. Also a 100 fathom shackle of
seine was to be cast and retrieved with the vessel
in the trough.

\

THE TEST AND RESULTS:

At 9:06 a.m. July 22, 1961 the ‘‘Broadbill’’
cast off from her moorings at Kewalo Basin,
Honolulu for the open sea with 13 men and all
necessary gear aboard. Seas were found to be
slight to moderate about 3 feet, with an easterly
breeze of approximately 5 miles off shore,



The first run was made in a southerly direc-
tion at 9:20 a,m, with bait wells dry and inclining
weight to starboard, inclining moment of the wind
additive., The average angle of heel was 15° with
19° maximum, The vessel was judged to be safe
in this position and was quite steady. The port
chine was still nearly a foot below the water and
18to 20 inchesof freeboard to starboard remain-
ed, apparently allowing adequate reserve for
safety and a payload as well, A payload would
lower the center of gravity and add to stability,

With the inclining welght to port and the In-
clining moment of the beam wind subtractive, the
average list was 0°, the vessel rolling either way
a few degrees.

Nextat9:30 a,m. a run was made {n a norther-
ly direction with the wind a beam to starboard,

First with welght to port, wind moment addi-
tive an average list of 10° to 12° was observed
and with the welght to starboard, wind moment
subtractive, the average list to starboard was
but 3°.

At9:40 a.m, a 100 fathom shackle of net was
set in a north and south direction; as it was de-
sired to test the vessel working In the trough, In
going back to pick up the net a maximum roll of
26° was noted while making a hard turn with
weights centered.

Although this was the first time the net had
been cast and retrieved by this crew, it was
hauled in less than 20 minutes. The average list
resulting from hauling was 5° with an occasional
roll to 10°, Of course the wind moment was sub-
tractive which will always be the case as the net
cannot be worked from the windward side with
the boat drifting down on to it.

Next the bait wells were flooded and the same
runs were made with the shifting weights.

Heading south with weight to starboard, wind
moment additive, the average starboard list was
13° With weight to port the average list was 0°,

Reverse course heading north, weight to port,
wind moment additive, average port list was 9%
weight to starboard average starboard list 3°,

Since the vessel was slower in her motion due
to the damping effect of the water and appeared
more stable with the wells flooded, it was de-
cided not to haul the net again,

16

CONCLUSION:

The results of this test indicate that it M‘
be quite safe and practical to conduct seining
experiments using the ““Broadbill,”” If, as a re~

sultof these experiments, it 1s found the power=~

block should be higher, It might well be ralsed
somewhat on vessels of greater stabllity, A sim=-
ple test such as this could then be run if desired,
at lttle expense,

(Sgd.) E. R, Simmerer
E. R, Simmerer




APPENDIX 3

STATION LIST, M/V BROADBILL, JULY 23, 1961 TO SEPTEMBER 29, 1961

Position 1/

Stati
ation | Date Latitude ! Longitude Type of Activity
1 7/23/61 Pearl Harbor ba
iting - nehu
2 ° ' °
! ;5%2;:: ;i.ig.;' N. i;g.ig.z: W. chummed - abandoned - small skipjack
a2 . chummed - abandoned - no response - med. ski
&4 7/24/61 | 21°36.9 158°19.0"' chummed - abandoned e
5 7/25/61 | *21°34' 158°19' chummed - setn5°?72"- n‘: SRS e B
sa |7/25/61 | 21°34¢ °19¢ =t
2 e 21.3;‘ . };g'i: 5 ::unnn;ed ; abandoned - small yellowfin
fe . andoned - porpoise
; ;;g;;:i ii.gg.zz 128:20.5: chummed - abandoned - small skipjack
. 8°01.5 chummed - abandoned - small skipjack
9 7/26/61 Pearl Harbor
10 [7/27/61 | *21°00" °30° b i el
% 157°30 chummed - abandoned - mahimahi
ih 7/27/61 | *20°45" 157°05" trolled around log
7/27/61 | 3/4 mile south of Cape Kaea, Lanai blind chumming - abandoned - no response
12 7/29/61 Kuliouou Stream bai
aiting - mosquito fish
13 7/31/61 Pearl Harbor
14 7/31/61 | 21°13.5' i . i 3 o
& SR *21.10: i§g°32;5 chummed - abandoned - no response
= Gl fen |- aiv10y 158’0:' c:ume: - abandoned - no response - med. skipjack
c - <t
i | i Tk umme abandoned - small skipjack
a chummed - abandoned - small skipjack
18 7/31/61 | 21°04.5' 158711.2" chummed - t 7-3/4" ;
19 7/317/61 ) 21°01.7° 158%10.1* chummed - ::: 5:1/2" o
20 8/ 1/61 | 20°7.5"' 158°43.6" i
. chummed - abandoned - no response
21 8/ 1/61 21213.'5" 158°25.4" i
. chummed - abandoned - small skipjack
22 8/ 1/61 | *21°20' 158°20' chummed - set 5-1/2" net
onat
:: g; ;;z; *21°23 : 158°12"' blind chumming - abandoned - no response
Off Barber's Point, Oahu chummed - abandoned - no response
24A 8/ 2/61 Off Ewa Beach
blind chumming - abandoned - no response
25 8/ 3/61 Pearl Harbor baiting - nehu
26 8/ 4/61| 21°02.0' | 157°20.2" chu
. mmed - set 5-1/2" net
%;A :; 11:;61 5-10 miles southwest of Lanai trolled around log
61| 5-10 miles south of Lanai chummed ski k sch
1 - ab -
28 8/ 5/61 Kaiwi Channel chummed - agi:;onzg ‘-)ono r:s::::l\g:‘Ed i P
§g :; g;:i 5-10 mi;es Tottheast Makapuu Pt., Oahu chummed - set 5-1/2" net
earl Harbor baiting - nehu
31 8/10/61 5-10 miles southeast Barber's Pt., Oahu chummed - abandoned - no response
32 8/10/61 | 21°05.9' 158° . 5
. 25.1 chummed - abandoned - yellowfin
33 8/10/61 21241 ,2" 158°09.0"' chummed - set 5-1/2" net
34 8/11/61 | 5-10 miles north of Kahuku Pt., Oahu chummed - abandoned - small skipjack
35 8/11/61 G
T . 5-}0 mi}es west of l(a}.xuku Pt., Oahu abandoned - school sounded
/11/61 | 21°35.9 158°21.2" chummed - abandoned - small unidentified fish
37 8/11/61 | 21°31.3' 158°15.9"' chummed - set 7-3/4" net
38 8/11/61 | 21°09.6' 158°15.0' chummed - abandoned - little tunny
39 8/11/61 | 21°13.9' 158°10.4"' chufmed - set 5-1/2" net
40 8/13/61 Pearl Harbor baiting - nehu
o
S10 fiadiafen | 2138 4! 157°29.1' chummed - set 7-3/4" net
2 8/14/61 ZI.M.S' 157°30.9' chummed - set 7-3/4" net
43 |8/14/61 | 21°33.6 157°23.8" chummed - set 7-3/4" net
44 8/14/61 | 21°33.2' 157°28.8' chummed - abandoned - skipjack school sounded
Zg 3;14;61 ca. 5 miles north of Makapuu Pt., Oahu chummed - set 5-1/2" net
5/61 Pearl Harbor baiting - nehu
47 8/16/61 Keehi Lagoon baiting - iao
48 8/16/61 Kaneohe Bay night baiting - iao
49 8/17/61 . Kaneohe Bay baiting - iao
50 8/17/61 | *21°40" 157°35* chummed - abandoned - no response
51 8/17/61 *21:]7' 157°12" chummed - set 5-1/2'" net
52 8/18/61 21.13.7' 157°24.0" chummed - abandoned - small unidentified fish
53 8/18/61 | 21°12.1' 157°28.5"' chummed - abandoned - mahimahi
54 8/18/61 | 20°49.5' 157537, 8" porpoise
55 8/18/61 20°52.6"' 157°39.0"' chummed - abandoned - small skipjack
56 8/18/61 | 20°50.4"' 157°43.1" chummed - abandoned - small skipjack
57 8/18/61 | 20°55.8"' 157°46.7" chummed - abandoned - small skipjack
58 8/29/61 Pearl Harbor baiting - nehu
59 8/30/61 | 21°32.8' 158°21.1" chummed - abandoned - small skipjack
60 8/30/61 | 21°38.2' 158°26.9" chummed - abandoned - small skipjack sounded
61 8/30/61 | *¥21°40" 158°28" chummed - set 5-1/2" net
g§ 8;;0;61 21:43.5' 158°31.9" chummed - set 5-1/2" net
8/30/61 | *¥21°40"' 158°30" chummed - set 5-1/2" net
64 8/30/61 | 21°38.0' 158°30.0' chummed - abandoned - mahimahi
65 8/30/61 | *21°30' 158°25" chummed - abandoned - small unidentified fish
66 8/31/61 | *21°34" 158°21' chummed - set 5-1/2" net
67 8/31/61 | 21°15.0' 158°26.8"' chummed - abandoned - no response
68 9/ 1/61 Pearl Harbor baiting - nehu
69 9/ 2/61 | *21°39"' 158°11"' abandoned - school sounded .
70 9/ 2/61 | 22°02.7' 157°53.6" chummed - abandoned - no response
71 9/ 2/61 | *22°56"' 157°48" chummed - abandoned - no response
72 9/ 2/61 | *21°49" 157°42" chummed - abandoned - school sounded (skipjack)
73 9/ 2/61 | 21°44.0' 157°38.5"' chummed - set 7-3/4" net
74 9/ 2/61 | 21°43.9' 157°46.1"' chummed - set 5-1/2'" net
75 9/ 3/61 | 21°40.0' 157°34.2" chummed - abandoned - no response (large skipjack)
76 9/ 3/61 | *21°40" 157°30' chummed - set 7-3/4" net
77 9/ 3/61 | *21°38" 157°31" chummed - abandoned - no response (large skipjack)
78 9/ 3/61 | *21°38' 157531 chummed - abandoned - no response (large skipjack)
79 9/ 3/61| 21°39.1' 157232 51" chummed - set 7-3/4" net
80 9/ 5/61 Pearl Harbor baiting operation - nehu
81 9/ 6/61 21°37.0' 157°30.9" chummed - abandoned - no response
82 9/ 6/61 21°44.2" 157°34.4" chummed - abandoned - mahimahi
83 9/ 6/61 | 21°44.2' 157°34.4" chummed - abandoned - no response
84 9/ 6/61 21°46.0" 157/°34.5" chummed - abandoned - mahimahi
85 9/ 6/61 21°51.1' 157°31.6" chummed - abandoned - no response
86 9/ 7/61| 20°53.5' 157°04.9"' blind chumming - abandoned - no response

Ly




STATION LIST, M/V BROADBILL, JULY 23, 1961 TO SEPTEMBER 29, 1961 (con.)

Position 1/

Station | Date Latitude Longitude Type of Activity

87 9/ 7/61 |*20°48"' 157%02' chummed - abandoned - small skipjack
87A 9/ 7/61 |*20°48" 157%02"' h d - abandoned - no P (mixed small &
88 9/ 7/61 | 20°27.4' 156*59.2"' chummed - set 5-1/2" net oed, size akipjack)
89 9/ 7/61 | 20°24.2' 157°02.2" chummed - set 5-1/2" net

89A 9/ B8/61 | 21°06.6" 157%40.9"' h d - aband d - 0o resp

90 9/ 8/61 | 21°01.7' 157051 .1" chummed - abandoned - mahimah{

91 9/ 8/61 | 20*50.1' 157*59.4" chummed - abandoned - mahimahi

92 9/ 8/61 | 21°11.1' 158°07.9"' h d - abandoned - mahimah{

93 9/ 8/61 Off Ewa Beach blind ch ing - aband: d - no P

94 9/ 8/61 Off Ewa Beach chummed - abandoned - small skipjack

95 9/10/61 Pearl Harbo baiting operation - nehu

96 9511561 21'105.;,r 3 157°23.0" eh_:: -'ltt 7-;/5" net

97 9/11/61 | 21°51.0' 157%24,0" d - aband d = no resp

98 9/11/61 | 21°56.5"' 157929, 2" chummed - set 7-3/4" net

99 9/11/61 | 21°59.0' 157°21.8"' h d - aband. d - no resp

100 9/11/61 | 22°00.6" 157°22.0' chusmsed - abandoned - small skipjack
101 9/11/61 | 21°59.1' 157°22.9' chummed - abandoned - small skipjack
102 9/12/61 Pearl Harbor baiting operation - nehu

103 9/13/61 | 21°36.5' 157%28.1" h d - aband d - no P

104 9/13/61 | 21°28.9' 157*25.8" h d - aband d - no resp

105 9/13/61 | 21°53.6' 157%462.2' chummed - abandoned - small skipjack
106 9/13/61 | 21°53.0' 157°28.5' abandoned - small skipjack

ig; ;;ig;:i :}:::g: :;;:;g:: CP_‘ = pole-and-line only - small skipjack

. . © d - abandoned - no resp

109 9/13/61 | 21°48.5' 157°29.5' chummed - abandoned - no response
110 9/13/61 [*21°48"' 157°29" chummed - abandoned - small skipjack
111 9/13/61 Off Mokumanu, Oahu h d - aband d -~ no resp

112 9/16/61 Pearl Harbor baiting operation

112A 9/17/61 |*21°50" 159%35" chusmed - skipjack school sounded
113 9/17/61 |*21°50' 159%35* chusmed - set 5-1/2" pet

114 9/17/61 |*21°50" 159°35' chummed - set 5-1/2" net

115 9/18/61 Port Allan, Kauai baiting operation - nebu

116 9/18/61 |*22°06"' | 159%49" chusmed - set 5-1/2" net

117 9/18/61 Hanalei Bay, Kauai baiting operation - nehu

118 9/19/61 |*22°07' 160%07' chummed - abandoned - no response
119 9/19/61 | *22°01"' 160%01"' chummed - abandoned - school sounded
120 9/19/61 | *#21°54" 159%42" chummed - abandoned - small unidentified fish
121 9/20/61 Kavail Channel no attempt - lack of balt

122 9/21/61 Pearl Harbor baiting cperation - nehu

123 9/22/61 Pear] Harbor baiting operation - nehu

124 9/23/61 | 20°56.5' 157%46.5"' b d - aband d - no resp

125 9/23/61 | 20°56.5' 157°46.5" chummed - set 5-1/2" net

126 9/23/61 | 20°52.3" 157%45.4" chusmed - set 5-1/2" net

127 9/23/61 | 20°53.2' 157%45.3" chummed - set 5-1/2" net, 7-3/4" net
128 9/26/61 Keehi Lagoon baiting operation - nehu

129 9/27/61 21°23.8"' 158°27.7' h d - aband d - no resp

130 9/27/61 *2!:31‘ 158:17.5' chummed - abandoned - small unidentified fish
131 9/28/61 | 21°15.5' 157°29.5" abandoned - porpoise

132 9/28/61 | 20°58' 157°27* h d - aband d - no resp

133 9/28/61 | 20°58' 157°27" h d - aband d - no resp

134 9/28/61 | 20°58.4' Wr2r.ar chumsed - abandoned - school sounded
135 9/28/61 | 20°58" 157°27" chummed - abandoned - small skipjack

1/

Positions preceded by * are based on dead reckoning.
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APPENDIX 4

STATION LIST, M/V BROADBILL, MAY 10, 1962 TO AUGUST 25, 1962

Positionl/
Station Date Latitude N. | Longitude W. Type of activity
1 5/10/62 Pearl Harbor baiting - nehu
2 5/11/62 Pearl Harbor baiting - nehu
3 5/11/62 Kalihi Channel night baiting - nehu
4 5/12/62 *21°15.6"' 158°13.8" chummed - abandoned - small skipjack
5 5/12/62 *21°30.0" 158°28.0" abandoned - porpoise
6 5/12/62 2123051 158°24.4" chummed - abandoned - small skipjack
7 5/12/62 21°30.1"' 158°24.4"' chummed - abandoned - no response
g 5;12;62 2122559 158°24.5" chummed - set 7-3/4" surface net
5/14/62 Honolulu Harbor night baiting - nehu
10 5/16/62 22°09.3' 159°47.0" abandoned - small skipjack
11 5/16/62 22°06.7"' 159°48.2" chummed - abandoned for larger school
12 5/16/62 22°07.0" 159°49.2" chummed - abandoned - school sounded
13 5/16/62 22°03.2' 160°06.7" chummed - abandoned - no response
14 5/16/62 22°02.5" 160°10.0"' chummed - abandoned - no response
15 5/16/62 22%05.2" 160°09.1" chummed - set 7-3/4'" and 9" surface nets
16 5/17/62 22°03.8"' 160°15.1" chummed - abandoned - no response
17 5/17/62 22°02.5' 160°16.1" chummed - set 7-3/4" surface net
18 5/17/62 22°03.0' 160°15.9"' chummed - abandoned - no response
19 5/17/62 22°04.4" 160°16.6"' chummed - set 7-3/4" surface net
20 5/22/62 Honolulu Harbor night baiting - nehu
21 5/23/62 Pearl Harbor baiting - nehu
22 5/24/62 21°20.1" 157°36.1" chummed - abandoned - small skipjack
23 5/24/62 21°29,.6" 157°29.6"' chummed - abandoned - mahimahi
24 5/24/62 21°42.5" 157°36.7"' chummed - abandoned - m.
25 5;25;62 21°43.7"' 157°42.0" chummed - abandonzd - m::::::i
26 5/25/62 21°09.1" E572R9571" chummed - abandoned - small skipjack
27 5/25/62 20°40.6" 157°08.1" chummed - abandoned - school sounded
28 5/25/62 20°39.0' 157°03.6"' chummed - set 5-1/2" surface net
29 5/25/62 20°38.7' 157201716 " abandoned - school sounded
30 5/26/62 21°03.3" 158°05.7"' abandoned - mahimahi
31 5/26/62 21°19.0° 158°13.3"' chummed - abandoned - no response
32 5/26/62 21°26.6"' 158°16.7"' chummed - abandoned - small skipjack
33 5/27/62 21°33.4"' 158°17.6"' blind chumming - abandoned - no response
34 5/27/62 21°37.5" 158°15.7"' chummed - set 5-1/2" surface net
35 5/27/62 21°9815" 158°14.3" chummed - abandoned - small skipjack
36 552;§62 Honolulu Harbor night baiting = nehu
37 5/28/62 Kalihi Channel night baiting - nehu
38 5/29/62 Pearl Harbor baiting - nehu
39 5/30/62 21229.5" 157°33 .8 chummed - abandoned - no response
40 5/30/62 21°34.0' 1572322 Ok chummed - abandoned - mahimahi
41 5/30/62 21°46.1" 157°22. 7" chummed - abandoned - no response
42 5/30/62 ZIESLT 157°29.6"' chummed - abandoned - no response
43 5/30/62 2Y°55.7" 15793353 chummed - abandoned - no response surface net
44 5/30/62 P I 157°46.3" chummed - set 5-1/2" and 7-3/4"
45 5/30/62 Kaneohe Bay night baiting - nehu
46 5/31/62 Kaneohe Bay baiting - nehu
47 6/1/62 Kaneohe Bay baiting - nehu
48 6/7/62 Wahiawa Reservoir baiting - threadfin shad
49 6/8/62 Wahiawa Reservoir baiting - threadfin shad
50 6/12/62 Pearl Harbor baiting - nehu
51 6/13/62 21223 4" | "1 58512 4" abandoned - small skipjack
52 6/14/62 Hanalei Bay, Kauai baiting - nehu
53 6/14/62 22°714.1" 159°36.0" chummed - abandoned - small skipjack
53A 6/14/62 22°13.2* 159°36.5" chummed - abandoned - small skipjack
54 6/14/62 22°11.9"' 159°38. 5" chummed - abandoned - small skipjack
55 6/14/62 22°10.6"' 159°43.0' chummed - set 5-1/2'"" surface net
56 6/14/62 22°06.3" 159°47.9" chummed - abandoned - small skipjack
57 6/14/62 22°07.3" 159°49.2" chummed - set 5-1/2'" surface net
58 6/14/62 22°05.7"' 159°48.7" chummed - abandoned - no response
59 6/14/62 22°04.5" 159°49.7 chummed - set 5-1/2" surface net
60 6/14/62 D25D3::3 159°49.6 chummed - abandoned - no response
61 6/14/62 22°01.8" 159°48.8" chummed - abandoned - no response
62 6/14/62 21°59.4" 159°47.5" abandoned - small skipjack
63 6/14/62 22°03/.7" 159°52.4"' chummed - set 5-1/2" surface net
64 6/14/62 Hanalei Bay, Kauai baiting - nehu
65 6/15/62 Hanalei Bay, Kauai baiting - nehu
66 6/15/62 22°19.4" 160°00.3"' chummed ~ fished by pole-and-line
67 6/15/62 22°19.0' 160°00.0" chummed - abandoned - no response
68 6/15/62 22°19.8" 160°01.3"' chummed - set 7-3/4'" and 9" surface nets
69 6/16/62 21°23.8" 159°04.7"' chummed - abandoned - no response
70 6/16/62 215225 158°47.0" abandoned - school sounded ) e
71 6/16/62 212922 158°42.0" chummed - abandoned - school sounde
72 6;16562 212113 158°38.3"' chummed - abandoned - no response
73 6/16/62 Dbl 6 158°28.5" chummed - abandoned - small skipjack
74 6/18/62 22°02.3"' 159°06.8"' chummed - abandoned - mahimahi
analei Ba Kauai baiting - nehu
;2 2;}3;2; 22’23.3' {;9’44.5' chummed - abandoned - no response
77 6/19/62 22222155 159°45.7" chummed - set 3"37:ﬁfac: ;ﬁt 2 :
°32°31 160°10.9" chummed - set 7- an surface nets
;g 2;}3;:2 §§°1§.4' 160°04.3" chummed - set 7-3/4" and 9' surface nets
80 6/19/62 Hanalei Bay, Kauai baiting - nehu
81 6/20/62 Hanalei Bay, Kauai baiting - nehu
82 6/20/62 22°08.7"' 160°24.0" abandoned - large yellowfin
83 6/20/62 22°05.9' 160°15.8"' chummed - set 5-1/2" surface net
84 6/20/62 22°05,7" 160°14.6" abandoned - school sounded
85 6/20/62 22°08.7"' 160°04.9" chummed - set 9" surface net

1/ Positions preceded by * are based on dead reckoning.




STATION LIST, M/V BROADBILL, MAY 10, 1962 TO AUGUST 25, 1962 (con.)

Pusitionl/
Station Date Latitude N. Longitude W. Type of activity

86 6/20/62 22°09.2' 160°04.6" chummed - abandoned - small skipjack
87 6/20/62 22°07.2" 160°05.6"' chummed - abandoned - no response
88 6/20/62 22907.7¢ 160°04.6" chummed - abandoned - school sounded
89 6/22/62 State bait-rearing bait-fish - tilapia

plant
90 6/23/62 21°55.31 159°00.2"' chummed - abandoned - school sounded
91 6/23/62 21°56.5"' 159°00.3" chummed - set 9" surface net
92 6/23/62 22°02.5" 159°00.3"' chummed - fished by pole-and-line
93 6/23/62 22°04.8"' 1595013 chummed - abandoned - small skipjack
94 6/23/62 2281538 159°05.8" chummed - fished by pole-and-line
95 6/24/62 Wainiha Bay, Kauai baiting - nehu
96 6/24/62 22°23.8' 159219 :.5" chummed - school sounded
97 6/24/62 22°22.8" 159225, 0" abandoned - school sounded
98 6/24/62 22°07.3" 159°06.8" chummed - abandoned - small skipjack
99 6/24/62 22°06.5" 159°08.2" chummed - abandoned - small skipjack
100 6/24/62 212551 159:209.3" ch d - aband d - no resp e
101 6/25/62 21°44.1" 159°10.6"' ch d - aband d - no resp e
102 6/25/62 213915 59Tl chummed - set 9" surface net
103 7/12/62 State bait-rearing bait-fish - tilapia

plant
104 7/13/62 21°03.6' 158°22.3"' chummed - set 7-3/4" and 9" surface nets
105 7/13/62 21512528 158°28.8"' chummed - abandoned - no response
106 7/13/62 21213554 158°31.0' chummed - set 7-3/4'" surface net
107 7/13/62 21°1355" 158°31.0" chummed - set 7-3/4'" surface and 7-3/4"

subsurface nets

108 7/13/62 21°13.6"' 158°26.9" chummed - abandoned - no response
109 7/13/62 21°13.6"' 158°26.9' chummed - abandoned - small skipjack
110 7/13/62 21°14.5" 158°26.8"' chummed - abandoned - small skipjack
111 7/14/62 21°15.6"' 158°36.9' chummed - abandoned - no response
112 7/14/62 21°19,8' 158°42.1"' chummed - set 7-3/4" surface net
113 7/15/62 Pearl Harbor baiting - nehu
114 7/16/62 DL 4] 158°33.9"' chummed - set 9" subsurface net
115 7/16/62 219201L5" 158°39.8"' chummed - abandoned - mahimahi
116 7/16/62 21°12.8% 158°45.5"' chummed - set 9" subsurface net
117 7/16/62 2121250" 158°36.0" chummed - abandoned - no response
118 7/16/62 21°15.2" 158°31.1" chummed - abandoned - small skipjack
119 7/16/62 21515.2! 1587305 1! chummed - abandoned - no response
120 7/17/62 21209°-.8" 158°30.3" chummed - set 9'" subsurface net
121 7/17/62 1 s RS [ 158°40.7" chummed - set 9" subsurface net
122 7/17/62 21213 58 158°40.7" chummed - abandoned - no response
123 7/18/62 Fort Kamehameha baiting - nehu
124 7/18/62 Pearl Harbor baiting - nehu
125 7/18/62 State bait-rearing bait-fish - tilapia

plant
126 7/19/62 21°55,27 157°18.9"' chummed - set 9" subsurface net
127 7/21/62 *21°15.0" 158°32.0' chummed - abandoned - mahimahi
128 7/21/62 *21°20.0" 158°33.0' chummed - set 9" subsurface net
129 7/21/62 *21°20.0" 158°33.0' abandoned - school sounded
130 7/21/62 +*21°25.0' 158°29.0"' chummed - abandoned - small skipjack
131 7/21/62 *21°20.0" 158°37.0" chummed - abandoned - no response
132 7/21/62 *21°20.0" 158°30.0" chummed - set 9" subsurface net
132A 7/21/62 *21°20.0" 158°30.0' chummed - abandoned - small skipjack
133 7/24/62 *20°43.0' 157°10.0" chummed - abandoned - no response
134 7/24/62 20°39.8' 157°05.7' passive gill net fishing at night
135 7/25/62 20°42.1" 157°05.2" passive gill net fishing at night
136 7/26/62 *20°46.0" 157°05.0"' passive gill net fishing at night
137 7/28/62 *20°54.5" 157°04.5' passive gill net fishing at night
138 7/29/62 Pearl Harbor baiting - nehu
1384 8/1/62 State bait-rearing bait-fish - tilapia

plant
139 8/2/62 21223 ;2! 158°34.6" chummed - abandoned for another school
140 8/2/62 21°24.0' 158°34.7" chummed - abandoned - no response
141 8/2/62 21°24.4" 158°32.1"' chummed - abandoned - small skipjack
142 8/2/62 211925791 ES8EoFi2 ! chummed - abandoned - small skipjack
143 8/2/62 2122755¢ 158°21.5"' abandoned - school moving too fast
144 8/3/62 21°40.7' 158°06.6" chummed - abandoned - no response
145 8/3/62 21°34.6' 158°20.8"' chummed - abandoned - small skipjack
146 8/3/62 21832598 158°18.8" chummed - set nets around school
147 8/3/62 21°30.3" 158215.1" chummed - abandoned - small skipjack
148 8/3/62 21°29.0' 158°15.0"' chummed - abandoned - no response
149 8/4/62 212335 15817 1" blind chumming - no response
150 8/4/62 AL RSt 158°18.9"' chummed - abandoned - no response
151 8/4/62 21°34.8' 158°20.3" h - aband d - no resp e
152 8/4/62 21°34.2" 158°20.2' chummed - abandoned - small skipjack
153 8/4/62 21°33,11 158°219.2" chummed - set nets around school
154 8/4/62 201233018 158°19.2"' chummed - set nets around school
155 8/4/62 21233504 158°21.0" chummed - abandoned - no response
156 8/4/62 21325.5* 158°13.3" abandoned - small skipjack
157 8/4/62 State bait-rearing bait-fish - tilapia

plant
158 8/6/62 21227.6" 158°14.8"' abandoned - small skipjack chummed
159 8/6/62 21°23.8"' 1585119 chummed - abandoned - small skipjack
160 8/7/62 21°34.1' 158°21.4' h - abandoned - no resporse
161 8/17/62 21°33.% " 158°21.1' chummed - abandoned - small skipjack
162 8/8/62 20°56.6' 1572195 1" chummed - abandoned - no response
163 8/8/62 20°52.8"' 157°13.5" chummed - abandoned - mahimahi
164 8/9/62 20°13.1' 155°55.1" chummed - abandoned - small skipjack
165 8/9/62 20°06.5" 155°55.0" chummed - abandoned - no response

1/ positions preceded by * are based on dead reckoning.
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STATION LIST, M/V BROADBILL, MAY 10, 1962 TO AUGUST 25, 1962 (con.)

Position
Station Date Latitude N. Longitude W. Type of activity
166 8/9/62 20°05.4' 155257, 0" chummed - abandoned - no response
167 8/9/62 20°08.4"' 155570 chummed - abandoned - school sounded
168 8/9/62 20°05.8"' 5525655 chummed - abandoned - no response
169 8/9/62 19257157 156°04.5' chummed - abandoned - small frigate mackerel
170 8/9/62 19250:35!" 156°05.6"' chummed - abandoned - large yellowfin
171 8/9/62 19°45.8" 156°05.7' chummed - abandoned - no response
172 8/10/62 20°08.4' 156°02.6" chummed - abandoned - school sounded
173 8/10/62 20P33.5/ 156°19.1' chummed - abandoned - no response
174 8/11/62 21°08.1' 15722379 chummed - abandoned - mahimahi
175 8/13/62 21°20.8' 158°17.8"' passive gill net fishing at night
176 8/14/62 21533528 158°19.2" chummed - abandoned - small skipjack
177 8/14/62 21°33.4' 158°19.7"' chummed - abandoned - no response
178 8/14/62 21533534 158°23.6"' chummed - abandoned - no response
179 8/14/62 21230 2" 158°27.4" chummed - abandoned - no response
180 8/15/62 21°27.6' 158°14.4" passive gill net fishing at night
181 8/16/62 21°29.2" 158°16.8" passive gill net fishing at night
182 8/17/62 21°30.6" 158°16.5"' chummed - abandoned - no response
183 8/17/62 215355 158°16.5"' chummed - abandoned - mahimahi
184 8/17/62 21°39.4"' 158°08.5"' passive gill net fishing at night
185 8/18/62 21°39.9" 158°08.0' passive gill net fishing at night
186 8/19/62 21°29.9" 158°14.7" chummed - abandoned - small skipjack
187 8/19/62 217293 158°15.1" abandoned - small skipjack
188 8/19/62 21°292 158°14.5" chummed - abandoned - no response
189 8/20/62 State bait-rearing bait-fish - tilapia
plant
190 8/21/62 21°48.3" 159°07.9"' chummed - abandoned - no response
191 8/21/62 21°48.0' 159931, 1" chummed - abandoned - no response
192 8/21/62 21°52.5" 159°34.7"' chummed - abandoned - small skipjack
193 8/21/62 212573 159°47.0" chummed - abandoned - small skipjack
194 8/21/62 21°57.7" 159°47.4" passive gill net fishing at night
195 8/22/62 22°05.5"' 160°05.2" chummed - abandoned - large yellowfin
196 8/22/62 22°09.7' 160°04.7" chummed - abandoned - large yellowfin
197 8/22/62 21258. 7" 159°47.7"' passive gill net fishing at night
198 8/23/62 227113 159°53,3" chummed - abandoned - no response
199 8/23/62 22°14.6' 160°12.3" chummed - set netsaround school
200 8/23/62 22°13.0' 160°07.8"' chummed- abandoned - no response
201 8/23/62 22°07-7" I59255:2! passive gill net fishing at night
202 8/24/62 2203.7" 159°59.4" chummed - abandoned - small skipjack
203 8/24/62 22°02.4' 160°06.8" abandoned - large yellowfin
204 8/24/62 21°52.5" 160°15.8" passive gill net fishing at night
205 8/25/62 22°01.5' 160°07.9" chummed - abandoned - mahimahi
206 8/25/62 22°01.8" 160°04.6" chummed - fished by pole-and-line
207 8/25/62 21°52.5" 159°39. L' passive gill net fishing at night
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